We assume that the u quarks and the d quarks constitute a body center cubic quark lattice in the vacuum. Using energy band theory, we deduce an excited quark spectrum (from the quark lattice). Using the accompanying excitation concept, we deduce a baryon spectrum 
I Introduction
The Quark Model [1] has successfully deduced intrinsic quantum numbers (I, S, C, b, and Q) for all baryons and mesons. 1) It cannot, however, deduce the mass spectrum of baryons or the mass spectrum of mesons. 2) Some intrinsic quantum numbers and masses of the quarks are entered "by hand" [2] .
3) The Quark Model needs too many elementary quarks. 4) It needs too many parameters [3] . 5) Confinement is a very plausible idea, but to date its rigorous proof remains outstanding [4] . 6) The large mass differences of the quarks (m u = 1 -5 Mev, m d = 3 -9 Mev, m s = 75 -170 Mev, m c = 1150 -1350 Mev, m b = 4000 -4400 Mev, m t = 174 Gev) [5] have already broken down part of the mathematical foundation of the quark model (the flavored SU(6), SU(5), might be SU(4) symmetries). 7) The quark masses of the Quark Model are not large enough to build stable baryons and mesons. Thus, the confinement assumption of the Quark Model cannot be maintained. Therefore, the Quark Model needs modification and further development.
The BCC Quark Model (the Body Center Cubic Quark Lattice Model) [6] is a good renovation of the Quark Model. It needs only 2 elementary quarks (u and d) and deduces an excited (from the vacuum) quark spectrum (including S, C, b, I, Q, and M) [7] . Using the quark spectrum, it can deduce the baryon spectrum [8] and the meson spectrum [9] , which both agree well with experimental results [10] . It also predicts some new quarks, baryons, and mesons.
II Fundamental Hypotheses
From the Dirac sea concept and the Quark Model, there are infinite u-quarks and dquarks in the vacuum. There are super strong attractive forces among the quarks. The forces make and hold the densest structure -the body center cubic quark lattice [11] .
Thus, we assume: We have estimated that they are "very small and can be treated as a perturbation energy (0-order approximation, m u ′ = m d ′ = 0)" in our earlier paper [12] . For convenience, we assume furthermore that
where M p is the mass of proton, α =e 2 /cℏ =1/137 -the fine structure constant. Comparing them with theoretical and experimental results, we find that the masses of the quarks (u and d) of the Quark Model (m u = 1 to 5 Mev, m d = 3 to 9 Mev) [5] are just the quantities m u ′ and m d ′ , and that the accompanying excited quarks (u ′ and d ′ ) have the same intrinsic quantum numbers (B, S, s, I, I Z and Q) with the quarks (u and d).
Thus, the accompanying excited quark u ′ is the quark u [5] with
and the accompanying excited quark d ′ is the quark d [5] with
The accompanying excitation is temporary for a cell (u ′ and d ′ ). When the quark q * is excited from the vacuum, the primitive cell (in which q * is located) undergoes an accompanying excitation, which is due to q * ; but when q * leaves the cell, the excitation of the cell disappears. Although the truly excited cells are quickly changed -one following another -with the motion of q * , an accompanying excited primitive cell (u ′ and d ′ )
always appears to accompany q * , just as an electric field always accompanies the original electric charge. 
2. Isospin number I: I is determined by the energy band degeneracy deg [14] , where
3. Strange number S: S is determined by the rotary fold R of the symmetry axis [14] with
where the number 4 is the highest possible rotary fold number of the BCC lattice.
4. Electric charge Q: After obtaining B, S and I, we can find Q from the Gell-MannNishijiman relationship [15] :
5. 
then formula (6) will instead bē
From Hypothesis III (∆S = ±1), the real value of S is
The "Strange number", S, in (10) 
Similarly, we can obtain charmed strange quarks q * Ξ C and q * Ω C [7] .
6. We assume that the excited quark's static mass is the minimum energy of the energy band that represents the excited quark:
m q * = Minimum (energy) of the energy band (13) 7. The 6 energy bands of the first Brillouin zone represent the quark q * N (931) [7] . 
III The Spectrum of the Quarks When a excited quark is moving in the vacuum, it is moving, in fact, in the periodic field (V ( r)) of the vacuum quark lattice. Since the quark is a Fermion, its motion equation should be the Dirac equation. According to the renormalization theory [16] , the bare mass (m q ) of the quark is much larger than the empirical values of the excited energies of the quark in the energy bands. Thus, we use the Schrödinger equation instead of the Dirac equation (our results will show that this is a very good approximation)
where V ( r) denotes the strong interaction periodic field of the vacuum quark lattice with body center cubic symmetries, and m q is the bare mass of the elementary quark.
Using the energy band theory [14] and the free particle approximation (taking V( r) = V 0 constant and making the wave functions satisfy the body center cubic periodic symmetries), we have
where V 0 is a constant potential. The solution of Eq. (16) is a plane wave
where the wave vector k = (2π/a x )(ξ, η, ζ), a x is the periodic constant of the quark lattice, and n 1 , n 2 , and n 3 are integers satisfying the condition n 1 +n 2 +n 3 =± even number or 0. The wave functions must satisfy the symmetries of BCC periodic field.
The 0-order approximation of the energy (in [12] , we assume m
Mev; now we find m u
Using the formulae (5), (6), (7), (11) , and (12) for quantum numbers and energy (13) of the quarks, we can find the quark spectrum [7] :
The elementary 
The energy band excited states q * (from the vacuum) of the quarks (u and d):
IV The Baryon Spectrum
Since the baryon number of the system (q
from (2), (3), (4), and (14), the 3 quark system (q
Using the sum laws (14) and (22), from (19) and (20), we can find the baryon spectrum (including S, C, b, I, Q, and mass). We compare the theoretic results with the experimental results [17] in Table 1 -4. In the comparison, we do not take into account the angular momenta of the baryons. We assume that the small differences of the masses in the same group of baryons (the same kind of baryons with roughly the same masses but different angular momenta) originate from their angular momenta. If we ignore this effect, their masses should be the same. We use the average of the masses to represent the mass of the group. We show quantum numbers of a baryon by its name. ? Table 1 - Table 4 , we see that the theoretical baryon spectrum agrees well with the experimental results [17] .
% Theory Experiment
∆M M % N(940) N(939) 0.1 % Ω − (1660) Ω − (1672) 0.7 % Λ(1120) Λ(1116) 0.4 % Λ + c (2280) Λ + c (2285) 0.2 % Σ(1210) Σ(1193) 1.4 % Λ 0 b (5540) Λ 0 b (5624) 1.5 % Ξ(1300) Ξ(1318) 1.4 %Ξ C (2550) Ξ C (2523) 1.1 % Σ c (2495) Σ c (2488) .28 % Ξ C (2640) Ξ C (2730) 3.2 % Σ c (2970) ? Ξ C (3170) ? Ω C (2660) Ω C (2704) 1.6 % Ω C (3480) ? In
V The Meson Spectrum
According to the Quark Model, a meson is composed of a quark and an antiquark.
Using the quark quantum numbers (19) and the sum law (14) and q * i ) are born from the single binds; δ SP =0 in all other cases. A = G q -G q -SI q +SI q , G = S+1.5C+3b. Although the above formula looks very complex, we can simplify it into seven cases [9] ; thus, it becomes very simple and easy to use. For example, for ground quark pairs, from (23) we have
Using (24), we find the mesons that are composed of the ground quark pairs:
In the fashion similarly to (24) and (25), we can find the meson spectrum [9] .
We compare the theoretical results with the experimental results using Table 5 -7.
In the comparison, as is the case with the baryon spectrum, we do not take into account the angular momenta but show the quantum numbers of a meson with its name. The BCC Quark Model Exper. In Table 5 - Table 7 , we see that the theoratical meson spectrum agrees well with the experiment results [10] .
VI Predictions and Discussion
A Some New Particles
New Quarks
The discovery of any one of the above mesons will provide strong support for the (14) and the quark masses [5] of the Quark Model, we find the theoretical masses of the most important baryons of the Quark Models. Similarly, using the sum laws and the quark spectrum (20), we find the masses of the same baryons in the BCC Quark Model. We list the theoretical results of the two models and the experimental results of the most important baryons [17] as follows: 8. In the high-energy scattering cases, because the strong interactions (color) of the quarks are short range and saturable (a 3 different color system is a colorless system), we can only consider the 3 quark system (q * u ′ d ′ ) in a baryon case and the 2 quark system (q * i and q * j ) in a meson case. We do not need to consider the whole BCC quark lattice. Thus, in high-energy scattering cases, the Quark Model is an excellent approximation of the BCC Quark Model. 
VII Conclusions

